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SYMMETRIC TRENCH MOSFET DEVICE 
AND METHOD OF MAKING SAME 

FIELD OF THE INVENTION 

[0001] The present invention relates to trench MOSFET devices, and more 
particularly to trench MOSFET devices having symmetric current-voltage 
characteristics. 

BACKGROUND OF THE INVENTION 

[0002] MOSFET (metal oxide semiconductor field effect transistor) 
technology advances have led to the development of a variety of transistor 
structures. 

[0003] A conventional MOSFET structure is shown in Fig. 1 A. This structure 
contains a P-type body region 102 with P+ contact region 103, a source region 104, 
a drain region 106 and a gate region, which consists of a doped polycrystalline 
silicon (polysilicon) conductive region 108 and a gate dielectric layer 109. An 
insulating layer 1 10 is provided over the conductive region 108. The electrical 
symbol of this structure is shown in Fig. IB. This transistor has four terminals and 
has symmetric current versus voltage characteristics when the source and drain 
contacts are interchanged. 

[0004] Another version of a MOSFET, known as a silicon-on-insulator 
("SOI") MOSFET, is illustrated in Fig. 2A. This transistor has a similar structure to 
that of Fig. 1A, with P-type body region 202, source region 204, drain region 206, 
and a gate region consisting of a doped polysilicon conductive region 208 and a 
gate dielectric layer 209. An insulating layer 210 is provided over the conductive 
region 208. However, each transistor is formed on its own silicon island, so that it 
is electrically isolated by an insulator from all other transistors. The presence of an 
underlying layer of insulating material 21 1 provides this electrical isolation. 
Moreover, to increase device density, electrical contact is typically not made to the 
body region of the SOI MOSFET. The electrical symbol of this structure is shown 
in Fig. 2B. SOI MOSFETs, like conventional MOSFETs, have symmetric current 
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versus voltage characteristics when the source and the drain regions are 
interchanged. 

[0005] The electrical characteristics of the above conventional MOSFET and 
SOI MOSFET, however, differ in one significant fashion. The drain-to-source 
breakdown voltage of the conventional MOSFET will be affected by the voltage on 
its body region. When the body region is electrically shorted to the source region, 
the drain-to-source breakdown voltage, or BV D ss> of the conventional MOSFET is 
equal to the collector-to-base breakdown voltage, BVcbo, of the bipolar transistor 
that is intrinsic to the device. When the body region is not electrically connected at 
all (i.e., it is allowed to "float"), the BV D ss of the conventional MOSFET is equal to 
the collector-to-emitter breakdown voltage, BVceo, of the intrinsic bipolar 
transistor. The BVceo of a conventional MOSFET is related to its BVcbo by the 
following equation (taken from Grove, Andrew S., Physics and Technology of 
Semiconductor Devices, John Wiley & Sons, 1967, p. 233): 



[0006] Where t] is a number with a value in the range of 4 for an npn transistor 
and p is the current gain of the transistor. 

[0007] This equation indicates that a conventional MOSFET transistor with its 
body electrically floating has a lower breakdown voltage than the corresponding 
transistor with its body shorted to its source. Similarly, an SOI MOSFET, with its 
floating body region, has a lower breakdown voltage than it would have if its body 
were connected to its source. See, S. Cristoloveanu, "SOI, a Metamorphosis of 
Silicon", IEEE Circuits & Devices, January 1999, pp. 26-32. 
[0008] A double-diffused MOSFET, also known as a DMOS transistor, is 
another popular transistor structure. Fig. 3 A illustrates a vertical DMOS transistor, 
which is provided with (a) P/P+ body regions 302, (b) N+ source regions 304, (c) 
gate regions of conductive doped polysilicon 308 and gate dielectric layer 309, with 
insulating layer 310 provided over the polysilicon 308, and (d) a common N-type 
drain region 306, all disposed over an N+ substrate 307. The polysilicon regions 
308 are typically extended into a region outside the active area, where a common 
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metal gate contact is provided. As can be seen from this figure, the P-type body 
regions 302 are shorted to the N+ source regions 304 thorough source metal 303. 
The electrical symbol of this structure is shown in Fig. 3B. 
[0009] A variation of the vertical DMOS transistor of Fig. 3 A is the trench 
DMOS transistor, illustrated in Fig. 4A, which includes (a) P/P+ body regions 402, 
(b) N+ source regions 404, (c) gate regions of conductive doped polysilicon 408 
and gate dielectric layer 409, with insulating layer 410 provided over the 
polysilicon 408, and (d) a common N-type drain region 406, all disposed over an 
N+ substrate 407. In this structure, carrier flow between the source regions and the 
drain region occurs along the vertical sidewalls of trenches within the structure. 
The doped polysilicon 408 portions of the gate are separated from the channel 
regions within body regions 402 by gate dielectric 409 portions. Carrier flows from 
the source regions 404 to the drain region 406 when a sufficiently large gate-to- 
source voltage is applied (which creates the channel in body regions 402) and a 
drain-to-source voltage is present. The electrical symbol of this structure is shown 
in Fig. 4B. 

[0010] DMOS transistors are used for high current and/or high voltage 
applications, because the DMOS structure provides at least the following 
advantages when compared to, for example, the conventional MOS structure of Fig. 
1A: 

[0011] (1) The channel length is set by the difference in the dopant profiles, 

which are formed by the sequential diffusion of the body and source regions 
from the same edge (i.e., from the upper surface). As a result, the channel 
length (L) can be quite short, resulting in a relatively high value of W/L per 
unit of surface area, where W is the amount of source perimeter. A high 
W/L value per unit of surface area is indicative of a high-current density 
device. 

[0012] (2) The body-to-drain depletion region spreads in the direction of the 
drain, rather than into the channel region, resulting in higher breakdown 
voltages. 

[0013] The current- versus- voltage curves of the vertical DMOS transistor of 
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Fig. 3 A and of the trench DMOS transistor of Fig. 4 A are asymmetric due to the 
source-to-body diode that is present within the structures. For many applications, 
this asymmetry is not a factor. However, there are some applications where a 
symmetric characteristic is required. In such applications, two DMOS transistors 
with sources electrically connected together (and sometimes gates as well) are used, 
as shown schematically in Fig. 5. Unfortunately, the use of two DMOS transistors 
in series to form a bilateral switch requires significantly greater area than a single 
DMOS transistor having the same on-resistance. 

SUMMARY OF THE INVENTION 

[0014] The present invention addresses the above and other challenges in the 
prior art by providing a trench MOSFET transistor with symmetric current-voltage 
characteristics. 

[0015] According to an embodiment of the invention, a trench MOSFET 
transistor device is provided which comprises: (a) a drain region of first 
conductivity type; (b) a body region of a second conductivity type provided over 
the drain region, such that the drain region and the body region form a first 
junction; (c) a source region of the first conductivity type provided over the body 
region, such that the source region and the body region form a second junction; (d) 
source metal disposed on an upper surface of the source region; (e) a trench 
extending through the source region, through the body region and into the drain 
region; and (f) a gate region comprising: (i) an insulating layer, which lines at least 
a portion of the trench and (ii) a conductive region, which is disposed within the 
trench adjacent the insulating layer. The body region in this device is separated 
from the source metal. Moreover, the doping profile withinlhe body region and 
within at least a portion of the source and drain regions, when taken along a line 
normal to upper and lower surfaces of the device, is such that the doping profile on 
one side of a centerplane of the body region is symmetric with the doping profile on 
an opposite side of the centerplane. 

[0016] According to another embodiment of the invention, a trench MOSFET 



Docket No. GS134 



transistor device is provided, which comprises: (a) a silicon drain region of N-type 
conductivity; (b) a silicon body region of P-type conductivity provided over the 
drain region, wherein the drain region and the body region form a first junction; (c) 
a silicon source region of N-type conductivity provided over the body region, 
wherein the source region and the body region form a second junction; (d) source 
metal disposed on an upper surface of the source region; (e) a trench extending 
through the source region, through the body region and into the drain region; and (f) 
a gate region comprising: (i) a silicon dioxide layer lining at least a portion of the 
trench and (ii) a doped polycrystalline silicon region disposed within the trench 
adjacent the silicon dioxide layer. Within this device: (a) the body region is 
separated from the source metal by the source region, (b) the source and drain 
regions comprise the same doping material, (c) the source and drain regions have 
peak net doping concentrations that are greater than a peak net doping concentration 
of the body region, and (d) the doping profile taken along a line normal to upper 
and lower surfaces of the device is such that, within the body region and within at 
least a portion of the source and drain regions, the doping profile on one side of a 
centerplane of the body region is symmetric with the doping profile on an opposite 
side of the centerplane. 

[0017] According to another embodiment of the invention, a method of 
forming a trench MOSFET transistor device is provided which comprises: (a) 
providing a drain region of first conductivity type; (b) providing a body region of a 
second conductivity type over the drain region, the drain region and the body region 
forming a first junction; (c) providing a source region of the first conductivity type 
over the body region, the source region and the body region forming a second 
junction; (d) forming a trench that extends through the source region, through the 
body region and into the drain region; (e) forming an insulating layer over at least a 
portion of the trench; (f) providing a conductive region within the trench adjacent 
the insulating layer; and (g) providing source metal on an upper surface of the 
source region. This method is performed such that (i) the body region is separated 
from the source metal, and (ii) a doping profile along a line normal to upper and 
lower surfaces of the device is established in which, within the body region and 
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within at least a portion of the source and drain regions, the doping profile on one 
side of a centerplane of the body region is symmetric with the doping profile on an 
opposite side of the centerplane. 

[0018] In some embodiments, for example, the body region and the source 
region are formed prior to trench formation. In others, the body region is formed 
before trench formation and the source region is formed after trench formation. 
Various embodiments are available for forming the drain, body and source regions. 
[0019] One advantage of the present invention is that a single MOSFET 
transistor with symmetric current-voltage characteristics is produced. This design 
requires significantly less surface area than a design based on two MOSET 
p transistors in series. 

J- [0020] The above and other embodiments and advantages of the present 

CKJ invention will become immediately apparent to those of ordinary skill in the art 

3555 

m s upon review of the following. 

'i \? 
'i ?! 

f BRIEF DESCRIPTION OF THE DRAWINGS 

O [0021] Fig. 1 A is a schematic partial cross-sectional view of a conventional 

if 7 1 

L MOSFET device in the prior art. 

:|; [0022] Fig. IB is the electrical symbol of the device of Fig. 1 A. 

y, [0023] Fig. 2 A is a schematic partial cross-sectional view of an SOI MOSFET 

device in the prior art. 

[0024] Fig. 2B is the electrical symbol of the device of Fig. 2A. 

[0025] Fig. 3 A is a schematic partial cross-sectional view of a vertical DMO S 

transistor in the prior art. 

[0026] Fig. 3B is the electrical symbol of the device of Fig. 3 A. 

[0027] Fig. 4 A is a schematic partial cross-sectional view of a trench DMOS 

transistor device in the prior art. 

[0028] Fig. 4B is the electrical symbol of the device of Fig. 4A. 

[0029] Fig. 5 is the electrical symbol of two DMOS transistors with sources 

and gates electrically connected together. 

[0030] Fig. 6 A is a schematic partial cross-sectional view of a trench MOSFET 
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device in accordance with an embodiment of the present invention. 

[0031] Fig. 6B is the electrical symbol of the device of Fig, 6A. 

[0032] Fig. 7 illustrates approximate doping profiles within the device of Fig. 

6A, according to an embodiment of the invention. 

[0033] Figs. 8 A and 8B illustrate approximate doping profiles at various stages 
in the course of construction of a device like that of Fig. 6 A, according to an 
embodiment of the invention. 

[0034] Figs. 9A and 9B illustrate approximate doping profiles at various stages 
in the course of construction of a device like that of Fig. 6 A, according to another 
embodiment of the invention. 

[0035] Figs. 10A and 10B illustrate approximate doping profiles at various 
stages in the course of construction of a device like that of Fig. 6 A, according to 
another embodiment of the invention. 

[0036] Figs. 1 1 A and 1 IB illustrate approximate doping profiles at various 
stages in the course of construction of a device like that of Fig. 6 A, according to yet 
another embodiment of the invention. 

[0037] Figs 12A-12D are partial cross-sections illustrating a process for 
forming a trench MOSFET device like that depicted in Fig. 6 A, according to an 
embodiment of the invention. 

[0038] Figs 13A-13D are partial cross-sections illustrating a process for 
forming a trench MOSFET device like that depicted in Fig. 6 A, according to 
another embodiment of the invention. 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE 
INVENTION 

[0039] The present invention now will be described more fully hereinafter with 
reference to the accompanying drawings, in which preferred embodiments of the 
present invention are shown. This invention may, however, be embodied in 
different forms and should not be construed as limited to the embodiments set forth 
herein. 

[0040] In accordance with an embodiment of the present invention, symmetric 
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current- voltage performance can be obtained using a trench MOSFET transistor like 
that illustrated in Fig. 6A. In the trench MOSFET shown, the bottom layer is an N+ 
drain region 606. The drain region 606 is this example is a semiconductor substrate 
wafer, but the N+ drain region 606 can be also be formed in an epitaxial layer that 
is formed over a substrate wafer, if desired. The wafer in this example is silicon. 
However, the designs of the present invention can be used in connection with other 
semiconductors, including other elemental semiconductors, such as Ge, and 
compound semiconductors, such as Si Ge and III-V semiconductors (e.g., GaAs). 
The wafer in this example has a thickness ranging, for example, from 10 mils to 40 

18 21 3 

mils and a net doping concentration ranging, for example, from 10 to 10 cm" . 
[0041] Over the N+ drain region 606 are P-body regions 602. In the example 
shown, these P-body regions have an associated upper p-n junction that is 0.1 to 3.0 
microns from the upper semiconductor surface and a lower p-n junction that is 0.5 
to 6.0 microns from the upper surface. The doping concentrations within the P- 
body regions 602 preferably range from 10 14 to 10 16 cm" 3 . In this structure, the P- 
body regions 602 are electrically floating, which reduces the drain-to-source 
breakdown voltage, BV D ss, of the device from the collector-to-base breakdown 
voltage, B V C bo ? of the bipolar transistor that is intrinsic to the device to the 
collector-to-emitter breakdown voltage, BV C eo, of the intrinsic bipolar transistor. 
This reduction in breakdown, or sustaining, voltage is offset, however, by the 
symmetrical current-voltage characteristics that can be achieved with such a device. 
[0042] N+ source regions 604 are provided at the semiconductor surface and 
extend, for example, to a depth of 0.1 to 3.0 microns into the semiconductor. These 

1 8 

regions preferably have net doping concentrations ranging, for example, from 1 0 
tolO 21 cm 3 . 

[0043] The device of Fig. 6 A also includes trenches, which extend, for 
example, to a depth of 1 .0 to 8.0 microns from the upper semiconductor surface and 
are, for example, 0.25 to 2.0 microns in width. The regions between the trenches 
are frequently referred to as "mesas" or "trench mesas", based on their shapes. 
These regions range, for example, from 0.5 to 4.0 microns in width. 
[0044] Within the trenches are provided conductive regions 608, which can be, 
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for example, doped polycrystalline silicon. Alongside and below the conductive 
regions 608 are gate dielectric regions 609 (e.g., silicon oxynitride or silicon 
dioxide regions, preferably in a thickness of 20 to 1000 Angstroms), which are 
disposed between the conductive regions 608 and the semiconductor (i.e., between 
the conductive regions 608 and the P-body regions 602, drain region 606, and N+ 
source regions 604). Above the conductive regions 608 (and disposed between the 
conductive region 608 and source metal 610s) are insulating regions 614, which are 
formed, for example, from silicon dioxide or BPSG (borophosphosilicate glass). 
[0045] Source metal 6 1 0s, which is typically formed of a metal such as 
aluminum, is in electrical contact with all of the source regions 604. Separate gate 
metal (not shown) is typically connected to a gate runner portion of the conductive 
region 608 located outside of the active region of the device. Drain metal (not 
shown) is also typically provided adjacent the N+ drain region 606. 
[0046] The electrical symbol for the device illustrated in Fig. 6A, with its 
floating body region, is shown in Fig. 6B. 

[0047] To obtain optimum device performance, the net doping concentration 
profile of the device of Fig. 6 A should be symmetrical. An example of such a 
symmetric net doping profile is presented in Fig. 7, which illustrates the 
approximate doping profile along a line normal to the top semiconductor surface of 
the device. The left side of the x-axis in Fig. 7 corresponds to the semiconductor 
surface of the device, region 704 corresponds to the N+ source region 604 of the 
device, region 702 corresponds to the P-body region 602, and region 706 
corresponds to the drain region 606. Note that the doping profile is such that the 
doping profile on one side of a centerplane of the P-body region 602 mirrors the 
doping profile on an opposite side of the centerplane. This symmetry holds true in 
a region that extends from the semiconductor surface and into the N+ drain region 
706 of the device. 

[0048] A number of methods are available by which such a symmetrical 

dopant profile can be achieved, including the following: 

[0049] a) According to one embodiment, an N-type epitaxial layer can be 
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grown on an N+ substrate to produce the doping profile illustrated in Fig. 
8A. A source dopant ion implantation step and a body dopant ion 
implantation step can then be performed, so that the peak of the body dopant 
after implantation is one-half of the distance from the peak of the source 
dopant to the peak of the drain dopant. Dopant diffusion at elevated 
temperature results in a doping profile like that of Fig. 8B. The source 
dopant may be introduced before the body dopant or vice versa. 

[0050] b) According to another embodiment, P-type body dopant is 

introduced into the epitaxial layer both from the drain side and from the 
source side. As an example, P-type body dopant is implanted into an N+ 
substrate by ion implantation. Subsequently, an N-type epitaxial layer is 
grown over the ion-implanted substrate to produce the doping profile of Fig. 
9A. Source dopant ion implantation and body dopant ion implantation steps 
are then performed. As above, the source dopant may be introduced before 
the body dopant or vice versa. Diffusion at elevated temperature results in 
a doping profile like that illustrated in Fig. 9B. 

[0051] c) According to another embodiment, the body dopant profile is 
optimized by removing boron from the wafer surface using an optimized 
oxidation step, which follows a body-doping step but precedes a source- 
doping step. For example, an epitaxial layer is grown upon an N+ substrate. 
Boron (a P-type dopant) is implanted into the epitaxial layer, whereupon the 
boron is subjected to a drive-in step by heating at elevated temperature. An 
oxide layer is then grown on the epitaxial layer surface concurrently with 
the boron drive-in. Since boron is depleted from the surface of a doped 
region during oxidation (see, e.g., Grove, Andrew S., Physics and 
Technology of Semiconductor Devices, John Wiley & Sons, 1967, pp. 69- 
77), this process optimizes the boron profile prior to source introduction. 
The results of this procedure are illustrated in Fig. 10A. Subsequently, an 
N-type dopant can be implanted, followed by diffusion at elevated 
temperature, to produce the profile illustrated in Fig. 10B. 
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[0052] d) In another embodiment, the P-body dopant can be epitaxially 

introduced, followed by source implantation and diffusion. For example, a 
P-type epitaxial layer is first deposited upon an N+ substrate, producing a 
doping profile like that illustrated in Fig. 1 1 A. An N-type dopant is 
subsequently implanted, followed by diffusion at elevated temperature, to 
produce the profile illustrated in Fig. 1 IB. 
[0053] As previously noted, a major tradeoff in providing a floating body 
within the trench MOSFETs of the present invention, which allows current- voltage 
symmetry to be achieved, is a reduction in the drain-to-source breakdown voltage, 
or BVdss, of the device. The BV D ss can be increased, however, by decreasing the 
current gain or P of the intrinsic bipolar transistor. Techniques that can be used to 
decrease the gain of this bipolar transistor include the following: 
[0054] (1) The dopant concentration in the base region can be increased. 

Because the maximum net p-type dopant concentration in the body region is 
one of the parameters that determine the threshold voltage of the MOSFET, 
there is minimal design flexibility in this parameter. Nonetheless, positive 
fixed charge can be introduced into the gate dielectric to counteract the 
threshold voltage increase caused by the higher body doping. 
[0055] (2) A material that forms a Schottky barrier diode with the P-type body 
region may be used as a source of electrons, rather than the N+ diffused 
source regions as disclosed above. "Schottky source" MOSFETs have been 
discussed in the literature. This technique, however, would make it difficult 
or impossible to achieve doping symmetry like that shown in Fig. 7. 
[0056] (3) The carrier lifetime in the base region can be decreased. This 
technique can be implemented by increasing the number of generation- 
recombination centers in the base region. The use of dopants (e.g., gold or 
platinum) and the use of radiation (e.g., electron or neutron irradiation) are 
well known techniques for reducing carrier lifetime by introducing 
generation-recombination centers. The increase in generation- 
recombination centers also increases the leakage current under high voltage 
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conditions, but this increase in leakage current is offset by the increase in 

the breakdown voltage of the MOSFET. 
[0057] A process sequence that can be used to produce the trench MOSFET 
device depicted in cross-section in Fig. 6A, as well as further details of the resulting 
structure outside the active region, will now be described in connection with Figs. 
12A-12D. 

[0058] Referring to Fig. 12 A, an N+ substrate 606 can be provided with a P- 
type layer 602 and an N-type layer 604 in a fashion such as those discussed above. 
For example, an N-epitaxial layer can be deposited on N+ substrate, followed by a 
P-type body implant and an N-type source implant as discussed in connection with 
method "a" above. Subsequently, a silicon dioxide layer 611 (pad oxide) that is 
typically 400 to 2000 Angstroms in thickness is formed, for example, by thermal 
oxidation. This step can also be used to diffuse the implanted N-type and P-type 
dopants. A silicon nitride layer 612 is then formed, for example, by chemical 
vapor deposition. A trench mask is formed from the oxide and nitride layers using 
methods known in the art, and trenches are etched in the silicon, for example by a 
plasma or reactive ion etching step. A sacrificial oxide layer is then typically 
grown within the trench and removed as is known in the art. A thin oxide layer 
609, which is typically 20 to 1000 Angstroms thick, is then grown within the 
trenches, for example, by thermal oxidation. 

[0059] The surface of the structure is then covered, and the trenches are filled, 
with a polycrystalline silicon layer 608, preferably using CVD. The polycrystalline 
silicon is typically doped N-type to reduce its resistivity. N-type doping can be 
carried out, for example, during CVD with phosphine gas, by thermal pre- 
deposition using phosphorous oxychloride, or by implantation with arsenic or 
phosphorous. The resulting structure is illustrated in Fig. 12B 
[0060] After appropriate masking outside of the active region to preserve 
polycrystalline silicon for gate contact, the polycrystalline silicon layer is then 
etched, for example, by plasma or reactive ion etching, forming distinct 
polycrystalline silicon regions 608, which are connected in trenches out of the plane 
of the particular cross-section illustrated. 
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[0061] The mask is then removed, and surfaces of the polycrystalline silicon 
regions 608 are oxidized, for example by thermal oxidation, producing oxide 
regions 614. The resulting structure is shown in Fig. 12C. 
[0062] The exposed silicon nitride 612 is then etched, for example, by wet 
etching using phosphoric acid. A contact mask is then applied, leaving a portion of 
the region 614 exposed outside the active region. The structure is then etched, for 
example, by plasma or wet etching. This step exposes a portion of the 
polycrystalline silicon outside the active region. The mask is then removed and the 
structure is etched, for example, by plasma or wet etching to remove regions 611 
where uncovered, exposing source regions 604. 

[0063] A metal deposition step and a masking operation are then performed, 
producing source metal 610s and gate metal 610g. A passivation layer, for 
example, a sandwich of CVD oxide and plasma nitride, is then provided, masked 
and etched, for example by plasma etching to produce passivation regions 615. The 
passivation mask is removed, resulting in the structure of Fig. 12D. 
[0064] Myriad variations are possible. For example, although an N-type 
epitaxial layer is deposited in the above sequence, a P-type layer could also be 
deposited without compromising the performance of the device. Moreover, the 
body and source dopants are introduced using method "a" above, but other methods 
can be used. Furthermore, the process sequence of Figs. 12A-12D uses neither a 
body masking step nor a source masking step, but it is possible to introduce the 
body and/or the source dopants using a body masking step, a source masking step 
or both. The above process also uses a layer of silicon nitride in the process 
sequence. However, a process that does not use silicon nitride, and uses a masking 
step to introduce the body and source diffusion in only some regions of the device, 
is also possible. One such process is depicted in Figs. 13A-13D. 
[0065] Referring to Fig. 13 A, an N-type epitaxial layer 603 is deposited on N+ 
substrate 606. The surface of the structure is then oxidized, for example, by 
thermal oxidation. The thus formed oxide layer is then masked and etched, for 
example, by either plasma or wet etching, until only a portion of the oxide layer 
outside the active region remains. After mask removal, P-type and N-type 
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implantation steps are then performed as discussed in method "a" above. The 
surface of the semiconductor is then subjected to an additional oxidation step, for 
example, thermal oxidation, to produce and oxide layer of about 1000 to 10000 
Angstroms in thickness. This oxidation step produces an oxide region 611 having 
an overall configuration like that shown in Fig. 13 A. This oxidation step also acts 
to drive in the implanted P-type and N-type dopants, producing P-type layer 602 
and an N-type layer 604. 

[0066] A trench mask is then formed, and trenches are etched in the silicon, for 
example by a plasma or reactive ion etching step. A sacrificial oxide layer is then 
grown within the trench and removed as is known in the art. An oxide layer 609, 
which is typically 20 to 1000 Angstroms thick, is then grown within the trench, for 
example, by thermal oxidation. 

[0067] The trenches are next filled with a polycrystalline silicon layer 608. 
The resulting structure is shown in Fig. 13B. 

[0068] After appropriate masking outside the active region to preserve 
polycrystalline silicon for gate contact, the polycrystalline silicon layer is then 
etched, for example, by reactive ion etching, forming distinct polycrystalline silicon 
regions 608. The mask is then removed and surfaces of the polycrystalline silicon 
regions 608 are oxidized, for example by thermal oxidation, producing oxide 
regions 614. The resulting structure is illustrated in Fig. 13C. 
[0069] A contact mask is then applied, leaving a portion of the oxide-covered 
polycrystalline silicon exposed outside the active region. The structure is then 
etched, for example, by plasma or wet etching. This step exposes a portion of the 
polycrystalline silicon outside the active region where electrical contact to the gate 
polysilicon 608 is to be made. The mask is then removed. The oxide covering the 
sources regions 604 is then removed using a blanket plasma or wet etch. A metal 
deposition step is next performed, and the metal is masked and etched, producing 
source metal 6 10s and gate metal 6 lOg. The additional mask is removed. A 
passivation layer, for example, a sandwich of CVD oxide and plasma nitride, is then 
provided, masked and etched, for example by plasma etching to produce 
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passivation regions 615. The mask is removed, resulting in the structure of Fig. 
13D. 

[0070] Although various embodiments are specifically illustrated and 
described herein, it will be appreciated that modifications and variations of the 
present invention are covered by the above teachings and are within the purview of 
the appended claims without departing from the spirit and intended scope of the 
invention. As one specific example, the method of the present invention may be 
used to form a structure in which the conductivities of the various semiconductor 
regions are reversed from those described herein. 
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